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(57) Abstract 

This invenUon is a direct current nii^- 
netic field generating and receiving device for 
the positioning of a first element relative to a 
second device, and more paiticularty, for the 
installation of orthopaedic implants. The inven- 
tion iiuiy be used to locate holes (121) ui an im- 
planted prosthesis (120) so diat screws or phis 
for interiockhig die prosthesis either to itself or 
with the surrounding bone can be accurately m- 
stallod. Hie invention comprises an electronic 
control unit (102). a transmitter (10^. two re- 
ceivers (107, 109) and a controlling computer 
(101). with the invention employing pulsed di- 
rect current transmitted slgnak to enable pre> 
else positioning of the screws or pins through 
the holes in any of several Icnown conunercially 
available intramedullary nails (120). 
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TARGETING DEVICE FOR RELATIVE POSITIONING 
OF A FUDRALITY OF DEVICES 

Flftll^ Invention 

The invention relates to the positioning of a first element, relative to 
a second device, through the use of direct current magnetic field generating 
and receiving devices, and more particularly, to the installation of or- 
thopaedic implants. More particular, it relates to an improvement over exist- 
ing devices used for locating holes in an implanted prosthesis so that a screw 
or pin for interlocking the prosthesis either with itself or with the surround- 
ing bone can be- accurately installed. The invention specifically relates to a 
positioner or aiming (targeting) device for locking screw or pins for such or- 
thopedic hardware which employs pulsed direct current (DC) transmitted signals 
to enable precise positioning of such screws or pins. 
Raekground of the Invention 

Various intramedullary nails and targeting devices for interlocking the 
intramedullary nail to the surrounding bone, particularly for the use in 
repairing the femur, are known in the prior art. One targeting method that is 
capable of providing precise locating of the holes distally uses x-ray tech- 
niques, but long periods of x-ray exposure are required and the need to move 
the x-ray equipment in and out of position to check the screw or pin locations 
means that there is a risk of a loss of alignment each time the equipment is 
moved. Patents of interest in this field include U.S. Patent Numbers 5,537,453 
(Williams et.al.): 5.478,343 (Ritter); 5.426,687 (Goodall et al) ; 5,178.621 
(Cook. et. al.); 5,031.203 (Trecha) ; 5,030,222 (Calandrucclo et al) ; 5,013.317 
(Cole et al): and others as cited in the above patents. As a consequence of 
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these radiographic techniques, the positioning of such locking screws or pins 
is typically the most time consuming and difficult portion of the overall rod 
implantation procedure. 

Two other patents are thought to be of more general Interest, U.S. Pat. 
Nos. A. 625. 718 (Olerud et al.), and 4.570.624 (Wu) . The Olerud et al. patent 
disclosing an aiming apparatus using X-ray techniques for making holes or 
bores in the bone of a patient in registration with the holes or bores on an 
interlocking nail, and the Wu patent disclosing a mechanical technique for 
aligning surgical pins in parallel. 

Patents of interest in this field Include U.S. Pat. Nos. 4.621.628 
(Brudermann) ; 5.049.151 (Durham et al): and 5.514.145 (Durham et al). The 
Brudermann patent discloses an apparatus for locating transverse holes in the 
distal end of implanted locking nails. The apparatus includes at least one 
magnet which generates an axially symmetrical field, in combination with a mag- 
netic field detecting device or sensor having an axial field reception charac- 
teristic. In one embodiment, the magnetic field sensor is inserted Into an im- 
planted nail and the magnet, which is placed on the surface of the skin, is 
moved until axes of the magnetic field of the magnet and the sensor are 
aligned. More particularly, the sensor is connected to an external display 
device and alignment of the respective magnetic fields Is indicated when a 
zero-point indication is provided on the display device. A second magnet can 
be used to increase the precision of the alignment process. The directional 
characteristics of the magnetic field detection device arc used to control the 
relative positions of the axes of both directional elements through a display 
device , such that both axes are brought Into congruence with each other by 
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exactly with the axis of the of the transverse hole in the in the nail, 
another element can be used externally to mark the location of the nail hole 
for positioning of a drilling Jig. 

The two patents by Durham et al. relate to a method and apparatus for 
positioning the screws or pins of orthopedic hardware devices such as 
intramedullary rods which involves the positioning of a first magnet at the 
location of a screw hole in the nail and then using an aiming device, compris- 
ing a second magnet which Interacts with the first magnet, to locate the first 
magnet and hence enable a screw or pin to be placed in the screw hole in the 
nail to lock the nail in position. 

In one first embodiment, an Insertion rod is used to position the first 
magnet at the level of the hole in the rod while In another embodiment, a 
solid nail is used and the magnet Is removable disposed within the hole in the 
nail prior to implantation of the nail. 

One serious disadvantage common to the magnetic field detection devices 
is the detrimental Influence of stray magnetic fields, such as, for example 
the earth magnetic field, or the effect of field distortion due to highly con- 
ductive materials in the form of aluminum, titanium, stainless steel and cop- 
per \Jised in the construction of operating room tables and surgical implants. 
The art of using transmitting and receiving components with electromagnetic 
coupling for measuring position and orientation is well known especially with 
respect to armament sighting systems where the receiver component would be lo- 
cated in a gunner's helmet and a transmitter component would be attached to a 
nearby electrically non- conductive structure. As the gunner would sight- in a 
target through a sighting cross-hair affixed to his helmet, the receiver lo- 
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tation of the helmet and then to contemporaneously point a unit of armament In 
the same direction as the helmet mounted si^t piece. As taught in U.S. Pat. 
No. 4,054,881 (Raab) and U.S. Pat. No. 4.287,809 (Egli et al.), and U.S. Pat. 
No. 4.314.251 (Raab) and U.S. Pat. No. 4.396,885 (Constant), an alternating 
current (AC) signal is applied in a time division or frequency division format 
to a transmitter consisting of two or three orthogonal coils which generate an 
AC electromagnetic field which is measured by an AC receiver likewise consist- 
ing of three or two orthogonal colls. These sensed signals are then filtered 
and amplified in a method compatible with the transmitted format, converted to 
a digital formdt and then read into a computer where various mathematical 
methods are resorted to in order to extract position and orientation with 
resort to applicable electromagnetic field equations. 

All current systems such as the ones above, that utilize an AC trans- 
mitted signal work accurately only when there are no electrically conductive 
materials located near either the transmitter or receiver because any trans- 
mitted AC signal would invariably induce eddy currents in these conductive 
materials which would in turn serve to generate an AC magnetic field that 
would distort any transmitted field, and, of course, any ultimate output posi- 
tion and orientation data. In fighter aircraft or helicopters where it is 
desired to use these position and orientation measuring systems, there are a 
lot of highly conductive materials in the form of aluminum, titanium, mag- 
nesium, stainless steel, and copper used in the construction of the cockpit 
structure, seat, wiring and helmet-mounted displays. U.S. Pat. No. 4,287.809 
teaches a method of compensating for the errors resulting from any field dis- 
tortion due to cockpit metal that does not move with respect to the transmit- 
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using this data to form a correction that is applied to the sensed signals. In 
a similar manner. U.S. Pat. Ho. 4.394.831 (Egli et al.) and 4.621.628 
(Brudermann) teaches a method to accomplish compensation for errors due to 
eddy currents induced in metal such as would be found in a display located on 
a pilot's helmet or operating field, respectively. This compensation method 
again requires initial experimental measurements of such distortion in order 
to effect necessary corrections and provides moderate improvements in accuracy 
only when the amount of metal is concentrated in a single location and the 
transmitter does not go through large angular rotations or translations. These 
types of competisation efforts that are required to make AC systems work ac- 
curately are time consuming and expensive to perform and only work in environ- 
ments where there would not be too much conductive material near transmitter 
or receiver units. In many locations, for example, AC systems cannot be util- 
ized at all because the distortions produced are simply too large to be cor- 
rected merely by such mapping. 

It is the object of this Invention to provide an effective and economi- 
cal device for the determination of the location and orientation of the holes 
in orthopaedic implants. Still another object of the present invention is to 
provide a targeting device which can be utilized by the majority of current 
intramedullary nails currently available to the surgeon. 

Summary of the Invention 
The invention includes a two- or three-axis transmitter positioner 
driven by a pulsed DC current, external to the patient, coupled with three- or 
two-axis receivers positioned internal and/or external to the implant. The 
receivers are sensitive to a transmitted DC magnetic field emanating from the 
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by a digital computer in conjunction with a method for processing received sig- 
nals so as to thereby develop position and orientation data of the transverse 
locking holes or pin placement. Such data then can be graphically displayed 
to the xxsev so as to guide the user for accurate alignment of a drill bit with 
the transverse holes in the implanted device. 

The devices presented in U.S. Pat. 4,945,305 and 4,849,692 (Blood) repre- 
sents a radical departure from all of the prior art relating to such transmit- 
ting and receiving, position and orientation devices, insomuch as it avoids, 
in-toto, resort to AC signals and instead relies upon direct current (DC) sig- 
nals. Such reliance on DC signals obviates completely any need for a priori 
calibration undertakings and greatly expands the potential utility of devices 
of this type. Koreover, manufacture and utilization of this device for pur- 
poses of accomplishing all that current devices can accomplish is manifestly 
less expensive than such manufacture and utilization of said currently used 
devices are or potentially will be. 

It has now been found that the use of the devices of U.S. Pat. 4,945,305 
and 4,849,692, the disclosure of which are incorporated by reference herein, 
as though recited infull, can be applied to the installation of orthopaedic 
implants and, more particularly, to the locating of holes in an implanted pros- 
thesis so that a screw or pin for interlocking the prosthesis either with it- 
self or with the surrounding bone can be accurately installed, with surprising 
effective results. 

The invention provides a system of transmitting and receiving antennae 
that by themselves intrinsically and with inherent electronic means together 
with a digital computer readily measure position and orientation relative to 



wo 98/32387 



7 

diamagnetic or paramagnetic metallic materials such as may be nearby. For the 
first time, for instance, devices of this nature can be used in surgical proce- 
dures in conjunction with metallic implants and surgical apparatus. 

The invention provides for the determination of the displacement vector 
and determination of the orientation of the orthogonal axis of the receiver 
relative to the transmitter. Figure 1. The transmitter is considered the 
origin of an orthogonal coordinate system of x, y, and z coordinates vherein 
the z-axis is considered, generally. In line with the gravitational axis of 
the earth, the x and y axes then lie in the horizontal plane, perpendicular to 
the z axis and a-ccording to a Cartesian coordinate system. The Cartesian sys- 
tem consists of three mutually perpendicular lines or axes that Intersect at a 
common point such that the location of a point relative to the origin can be 
determined without ambiguity. In addition, each receiver establishes a 
reference coordinate system with respect to the respective receiver and rela- 
tive to the transmitter origin such that the location of the receiver can be 
determined from the transmitter, as well as the rotation of each axis of the 
receiver system relative to the transmitter. 

It is an advantage of the invention that the coordinate reference system 
of the receiver can be electronically offset to a desired location using the 
inherent electronic means together with a digital computer. As shown in 
Figure 6, the reference axis SI of receiver 107 at location rl can be 
electronically offset to a location rl' with a reference axis SI' such that 
the location vector and the angular orientation of the axis Si' from the trans 
mitter can be ascertained. Likewise, the receiver axis of each receiver can 
be offset to any desired positioned. 
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It is a further advantage of the invention that the relative position 
and orientation between two or more offset locations can be ascertained using 
the inherent electronic means together with a digital computer. 

It is a further advantage that the relative distance between two or more 
offset axes can be minimized such that one or more of the relative components 
of the relative displacement vector be minimized and the corresponding axes 
aligned in space. 

The invention provi<ies a distinctly less expensive sighting device than 
is currently provided within the framework of the present state of the art 
separate and apart from the cost savings to be realized from abrogation of 
calibration requirements. Presently, the cores of the transmitting components 
of these devices are made up of Ferrite. Ferrite is rather expensive, but, in 
addition to this, it is also rather fragile and difficult to shape. However, 
Ferrite is necessary as a core piece in order to keep eddy current distortion 
acceptably low where AC current is used. But, there are no AC signal com- 
ponents in the instant device's steady state signal and hence, the same mag- 
netic fl\ix concentration as can be had with Ferrite can likewise be had and 
used with this device by resorting to less expensive iron or steel for a trans 
mitting core piece, since, with this device, there is no need to be concerned 
with eddy currents at all. 

The instant invention provides a targeting apparatus which does not re- 
quire the use of radiographic radiation in determining the location of the 
transverse holes of intramedullary implants, particularly of the distal holes 
of interlocking nail. The apparatus of the present invention provides, fast, 
convenient and secure placement of the drilling jig in axial alignment with 
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of the image intensifier to locate the unseen transverse holes in the implant 
and to target the hole for drilling and placement of interlocking screws ex- 
poses the surgeon to excessive amounts of radiation during the course of the 
procedure . 

Another advantage of the present invention is that it provides a target- 
ing device which can be utilized by the majority of current intramedullary 
nails currently available to the surgeon. The current mechanical locating 
devices are usually implant specific and require the use of the image inten- 
sifier to locate the orientation of the distal locking holes. The Distal. Tar- 
geting Device described in the Russell-Taylor Surgical Technique brochure 
(Smith & Nephew Richards, Memphis TN) is a "bomb site" apparatus which is 
mechanically fastened to the proximal end of the nail and utilizes the image 
intensifier to locate and drill the necessary holes. The mechanical targeting 
system described in U.S. Patent 4.913,137 is specific to that device. The tar- 
geting mechanism described by Azer ct al requires that the described nail 
have a bifurcated tip, a cross section complimentary to other instrumenta- 
tion, and a mechanism for attachment to the proximal end of the nail. The rod 
mounted targeting mechanism described in the surgical technique for the Alta 
Trauma System by Howmedica (Rutherford, NJ) requires the initial location of 
the distal holes, the attachment of the targeting assembly mechanism to the 
nail, and further fluoroscopic control to position the targeting assembly over 
the distal holes. Another technique used for the above systems, as well as 
all the other nail systems, requires the use of direct fluoroscopic imaging to 
locate and align the holes with out any mechanical or electrical connections 
is called "free handing". This technique is described in detail in the 
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The described technique and devices of the present invention can be cus- 
tomized for any of the described intramedullary nails. 

In accordance with the invention, a DC coupled electromagnetic sensor is 
provided which is easier to use than prior art devices and which provides 
easier and more accurate alignment than is afforded by the prior art. In this 
regard, although the positioner arrangement of the Brudermann and Durham et 
al. patents discussed above possesses a number of important advantages over 
the radiographic locator devices, the present invention provides important ad- 
ditional advantages over the positioner arrangement disclosed in those 
patents, particularly in the areas of ease of use and ease and quality of the 
alignment. 

In one aspect of the invention, a DC coupled electromagnetic positioning 
system is provided for assisting in positioning a fastening element at a 
desired concealed internal location such as at a locking screw hole in an 
intramedullary rod in the bone of a patient, the arrangement comprising: a 
pulsed DC current transmitter, a first receiver, or a plurality of receivers, 
that is sensitive to the transmitted DC magnetic field adapted to be posi- 
tioned at said internal location and providing a two or three axis directional 
reference or coupled with the implant at a known offset location and orienta- 
tion from the internal location to be positioned; and a second or additional 
receivers thus providing multiple reference positioning devices external to 
the patient; the positioning device comprising a hand-held drilling jig or 
guide drill having an axial bore there through, so as to enable the external 
receiver to align with the internal or coupled receiver, the positioning 
device further comprising a guide pin insertable into the axial bore and 
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of the first and second receivers are aligned so as to enable the guide pin to 
be advanced by the drill along a path of travel in alignment with the internal 
location. 

In an advantagcovis embodiment, the said first receiver or internal sen- 
sor unit is embedded in a unit or handle to which the Implanted device is at- 
tached. The location and orientation of the receiver relative to each internal 
concealed location to be positioned can be known through either physical 
measurement or electronic determination using a calibration routine. 

In an advantageous embodiment, the said first receiver or internal unit 
includes a protective cover. Preferably, the protective cover comprises a plas- 
tic casing advantageously shaped to match or conform to the Internal shape of 
the particular intramedullary device being implanted. Thus the embodiment of 
the invention involves the provision of a locating arrangement that can be 
used with any commercial nail. 

In an advantageous embodiment, the perceived position of the first and 
second receiver, or additional receivers, relative to the transmitter, can be 
electronically offset by the connected computer so as to provide a perceived 
location and axis in space, relative to the sensors. The advantage of this 
embodiment is that the position and axis of .the transverse holes can be ascer- 
tained without the sensor being physically at the location. With both the 
first and second sensors offset to the same position, an axis and location of 
the transverse hole can be located and a drill or pin passed through the hole 
without interference from the sensor. 
Brief Description of the Drawings 

Figure 1 illustrates the components of the invention and positioning of an in- 
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Figure 2 illustrates the coordinate axis for the transmitter lOA and 

receiver 107. 
Figure 3 illustrates the intramedullary nail 

Figure 4 illustrates the nail driver and associated components 

Figure 5 illustrates the drill guide and drill sleeves . 

Figure 6 illustrates the displacement vectors of the receiver 107 and 

receiver 109 and axis offset positions to the transverse hole 121 and 
axis of drill guide hole 132, respectively, relative to transmitter 
coordinate origin 201. 

Figure 7 illustrates the calibration tool \ised with the grill guide and 
intramedullary nail. 

Figure 8a illustrates the application of the invention with the receiver 
positioned within a probe inserted in the intramedullary nail. 

Figure 8b illustrates the cross section of different shaped probe heads com- 
plimentary to the intended implant 120, 

Figure 9 illustrates the components of the probe when used with a circular 
cross section implant. 



DescriptioTi of the Preferred Embodiments of the Invention 

A first component, such as an orthopaedic implant, and more particularly 
an intramedullary nail is provided with at least one connector receiving 
mechanism. In the case of an intramedullary nail, the connector can be a 
screw and the connector receiving mechanism can be holes in the nail. A drill 
guide member, is used to guide a drill bit towards a selected hole in the 
nail. 
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(a) a direct current magnetic field transmitting member; 

(b) at least one magnetic £ield receiving means for receiving the trans- 
mitted direct current magnetic fields; 

(c) power means for supplying direct current electrical signals to the 
transmitting means for creating the transmitted direct current magnetic 
fields; 

(d) receiver electronics for measuring, and converting output signals 
from the magnetic field receiver electronics into position and orienta- 
tion measurements; and 

(e) programmed computer, the programmed computer having a visual display 
member, the output signals from the receiver electronics being converted 
into position and orientation measurements and visually displayed on the 
computer visual display member. 

The first member is fixed to either the transmitting members or the 
receiving means • Similarly, the drill guide member is fixed to either a trans 
mitting means or a receiving means. Preferably, the system employees a single 
transmitter, and both the drill bit guide member and the intramedullary nail 
are provided with receivers. Thus, the relative position and orientation of 
the first member relative to the drill guide member can be determined. 

The intramedullary nail has a proximal end and a distal end. A support 
member, such as a handle, is releasably secured to the proximal end of the 
nail and carries a receiver • 

The transmitter for transmitting direct current magnetic fields com- 
prises a core and a multiplicity^ of roughly orthogonal antenna axis wire wind- 
ings. The receiver of the transmitted direct current magnetic fields com- 
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The method of securing an implant, such as an Intramedullary nail into a 
bone includes the steps of inserting the implant into a bone, drilling a hole 
in the bone proximate the screw receiving hole in the nail, by using a drill 
member and a drill guide. 

The determination of the position and orientation of the drill member relative 
to the holes involves (a) transmitting a direct current magnetic field from a 
transmitting member, receiving the transmitted direct current magnetic fields 
at at least one magnetic field receiver. The nail is fixed to one of the 
transmitting member and the receiving means, preferably, a receiver. 
Similarly the drill guide is fixed to one of the transmitting means and the 
receiving means, preferably, a receiver. 

The received direct current magnetic fields are converted into position and 
orientation data in a programmed computer, and displayed on the computer 
screen. By viewing a virtual representation of the nail and the drill member 
on the computer screen, the drill member can be moved to the desired location 
relative to the intramedullary nail. 

Advantageously, the nail receiver can be remote from the screw receiving 
hole so that the receiver need not be carried into the bone along with the 
nail. The computer program calculates the offset from the receiver to the 
hole, and thus, the display shows the position of the hole relative to the 
drill. 

In Figure 1, the nail 120 has been driven into the bone 100 from the 
right side, and the nail has in the vicinity of its left, i.e. distal, end a 
pair of transverse holes 121 and 121 and in the vicinity of its right, i.e. 
proximal, end a transverse or oblique hole 121" for receiving transverse 
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Next, the exact position of the respective drilling axis 321 of a most 
distal hole 121 in the intramedullary nail 120 is to be determined. This drill- 
ing axis may be definitely determined by a linear connecting line of two 
points 322 and 323 on this axis. In order to place a drilling Jig 131 in a 
position aligned with this axis, the two points 322 and 323 on the drilling 
axis of the distal hole 121 must be located accordingly, and the axis of the 
drilling jig 532 must be oriented in accordance with these points, whereupon 
the hole (bore) may be formed in the bone immediately. 

The apparatus according to the invention is used for locating the axis 
321 these two points 322 and 323. 

The electromagnetic position and orientation measuring system, as 
described in US Patents A. 945, 305 and 4.849.692, consisting of: a transmitter 
driver circuit within an electronic control unit 102 for providing a control- 
led amount of DC current to each of two or three axes of transmitter 104 one 
at a time . The amount of DC current provided by driver 102 to the transmitter 
to which it is provided via connection 106 is controlled by computer 101. 
Transmitter 104 is usually located within a few feet of distance from a 
patient's leg. 

In Figure 2, transmitter 104 consists of three individual antennae 105 
(x, y, and z axis, Figure 2) arranged concentrically which generate a multi- 
plicity of DC magnetic fields that are picked up by receiver 107 and receiver 
109, each composed of three antennae (x, y, and z axis antennae). Receivers 
107 and 109 measures not only the fields generated by transmitter 104 but also 
the earth's magnetic field to thereby effect an ultimate measure of the posi- 
tion and orientation of the object to which it is attached. The transmitter 
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axis 202, a Y axis 203 and a Z axis 204. Likewise, each receiver 107 and 109 
have receiving antennae which represent a Cartesian coordinate system 210 and 
220, respectively. The coordinate system 210 of receiver 107 has an origin 211 
located at the center of receiver 107 and having three orthogonal axes; an X 
axis 212, a Y axis 213, and a Z axis 244. Not shown in Figure 2, but numbered 
accordingly, the coordinate system 220 of receiver 109 has an origin 220 lo- 
cated at the center of receiver 109 and having three orthogonal axes; an X 
axis 222, a Y axis 223, and a Z axis 224 

Receiver 107 and 109 consists of three or two axes, 210, 220, respec- 
tively, with driving and detecting circuits that are sensitive to DC magnetic 
fields. The DC signal output from receiver 107 goes to the signal processing 
electronics 102 via connection 108. Signal processing electronics 102 con- 
trols, conditions, and converts analog receiver signals into a digital format 
that can be read by computer 101. Computer 101, by way of an algorithm, com- 
putes the position and orientation of receiver 107 and 109 with respect to 
transmitter 104. Computer 101 then outputs this information to a graphic image 
controller by which the sturgeon can view the relative position of the guide 
131 with respect to the nail driver 140 and thus to the axis 321 of hole 121. 

Receiver 107 is mounted oh, or is embedded in, a driver unit 140 used to 
implant the nail 120 in the bone 100. The nail driver 140 is comprised of a 
handle 401 and longitudinal body 402. 

The longitudinal body 402 has a longitudinal cylindrical bore 404 with central 
axis 403 which is coincident with the longitudinal axis of the Intramedullary 
nail when attached securely to the nail using the specific nail attachment 141 
and connecting bolt 142 and locking nut 143. 
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Nail attachment 141 has an Indentation or similar means to align with 
the protrusion 405 and 406 or other mechanism on end 405 of the longitudinal 
body 402 . Nail attachment 141 has a central bore 415 extending the lon- 
gitudinal axis of the attachment coincident with the central axis 403. The 
nail attachment has protrusions 411, on the end opposite from the end having 
indentations 413, to provide alignment of the attachment with the indentations 
325 located on the proximal end 124 of intramedullary nail 120. 

A connecting bolt 142 comprised of threaded end 410. body 423, and 
threaded end 421 is used to fasten and align the nail 120 with the nail driver 
140. Bolt end 410 is formed to mate with the threads 324 on the proximal end 
124 of the nail 120. The attachment spacer 141 is slid over the bolt 142 by 
placing the bolt 142 through the central bore 415. The nail driver 140 is 
likewise slid over the bolt by placing the bolt through the cylindrical bore 
404 of nail driver body 402 such that the protrusions 406 and 406' interlock 
with indentations 413 and 413', respectively. With the spacer 141 engaged with 
the nail 120 and nail driver 140 engaged with the spacer 141, the locking nut 
143 is threaded on threads 421 of the connecting bolt 142. 

Receiver 109 is preferably attached to, or embedded in a hand-held guide 
131. Guide 131 is constructed with a bore 533 having an entrance 132 and a 
central axis 532. Drill sleeve 133 has a central bore 533 enabling drill bit 
134 to be coincident with the longitudinal axis 532 when drill sleeve 134 is 
inserted in bore 535. 

The controlling computer 101, by way of an algorithm, is able to 
electronically transpose, both in translation and rotation, the axis 220 to a 
new location 520 such that the offset coordinate axis can be located on the 
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104. Computer 101 then outputs this information to a graphic image controller 
by which the surgeon can view the relative position of the drill guide axis 
532. as viewed as cross -hairs 112 in Figure 1, with respect to the nail driver 
140, as viewed as cross haris 111, in Figure 1. and thus to the axis 321 of 
hole 121. 

Likewise the computer 101 by way of an algorithm, is able to electroni- 
cally transpose, both in translation and rotation, the nail driver's receiver 
axis 210 to a new location 310 such that the offset coordinate axis can be lo- 
cated on the axis 321 of hole 121. The computer then computes the position 
and orientation of the offset axis 310 with respect to transmitter 104. Com- 
puter 101 then outputs this information to a graphic image controller by which 
the surgeon can view the relative position of the drill guide axis 532 (cross 
haris 112) with respect to this offset axis 310 and thus to the axis 321 of 
hole 121 (cross hairs 111). 

The mathematical relationship for the distance from the offset axis of 
the transverse hole 310 to the offset axis 520 of the drill guide 131 can be 
derived from the position vectors (small letters in bold) . Figure 6 presents 
a schematic of the position vectors of the system, T is the location of trans- 
mitter axis 104 (0,0,0) from which the positions, rl to the axis SI 210 (xl, 
yl, 2l) of the sensor 107 embedded in the nail holder 140, and r2 to the 
axis, S2 220, of the sensor 109 embedded in the drill guide 131 are measured 
electronically by the computer 101 and electronic control unit 102. Likewise 
the orientation of the offset axes, SI' 310 and S2' 520. are determined rela- 
tive to the sensor axes, SI 210 and S2 220. The transverse hole to be 
drilled has an axis SI' 310 which is physically positioned, rl'-rl from SI 
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value will be dependent upon the length of the nail chosen as well as the 
orientation of the transverse hole. The drill guide hole in the drill guide 
has an axis S2' 520 which is offset from sensor axis S2 220 by a distance 
r2'-r2. The offset position vector, r2»-r2 is a constant which is determined 
from the manufacturing of the drill guide unit 131 and stored in the software. 
Therefore knowing the above vectors, the vector, r2'-rl' can be determined 
from the vector relationships: 
(r2'-rl') - r2 - rl + (r2'-r2) - (rl'-rl) 

The software algorithm stored in the computer 101 will provide the rela- 
tive distance and orientation of the offset holder axis to the nail's trans- 
verse hole which in turn can be viewed on the computer monitor by the user. 
Procedure for using the Device 

The distance and orientation, as depicted by the vector (r2'-r2, Figure 
6) of the axis of the drill guide hole 532 relative to the drill guide sensor 
109 are constant and known. However the distance from the receiver 107 in the 
driver to the axis 321 of the intended hole 121 will be dependent upon the 
length of the intended implant 120 as chosen be the surgeon. Thus prior to 
insertion, the distance and orientation of the transverse hole(s) 121 relative 
to the holder receiver 107 must be determined. This can be performed in a 
simple "calibration" procedure. 

The computer 101 determines the position of the receiver 107 relative 
to the transmitter 104, but it is desirable to know the position of the axis 
321 of the transverse hole 121 relative to the holder sensor. A "calibration" 
must be performed to determine the offset distance, vector rl'-rl, from the 
holder receiver 107 to the axis 321 of the transverse hole 121. An alignment 
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525 or bores 533 or 5A3 of the drill sleeve 133 or 134, respectively, a 
central section 710, and a third section 715 which is of such diameter or com- 
plimentary shape as to fit into holes 121 and 122, is placed in the drill 
guide hole 525 and inserted in the first of the nail's transverse holes 121; 
Thus the alignment pin 700 longitudinal axis 721 causes the axis of 521 to he 
coincident with axis 321. Thus the location of the distal hole axis 520. Si- 
ts now known relative to the drill guide receiver axis 210, S2, and thus to 
the transmitter 104 and the nail driver receive 107. SI. With the alignment 
pin 701 in place, the location and axis of the transverse hole 321 relative to 
the nail driver receiver 107 is eonputed using an algorithm and digitally 
stored by the computer 101. The alignment pin 700 and drill guide Is moved to 
the second transverse hole 121' and It's location and axis 321' relative to 
the nail driver lAO is likewise computed and stored In the computer 101. The 
procedure is repeated for any additional locking holes in the nail such that 
the computer has stored the location and axis of each transverse locking hole 
relative to the handle sensor. Thus the relative distance and orientation of 
each transverse hole, relative to the sensor In the nail driver Is known and 
the computer has digitally stored the offset coordinates of each hole in the 
nail for finding the hole after the nail has been implanted. 

After the hole locations are stored In the computer 101, the nail 120 is 
Inserted Into the bone 100, The computer program then prompts the surgeon to 
place the drill guide 131 at the first hole location 121. A stationary three 
dimensional cross-hair 111. representing the position of the axis 321 of the 
desired transverse hole 121 is displayed on the computer monitor. A second 
three dimensional cross hair 112 is displayed on the monitor which represents 



\V0 98^2387 



PCr/US98/01677 



21 



drill jig until the guide's cross hairs 112 are aligned with the stationary 
cross hairs 111 on the monitor. The axis o£ the drill guide 532 is now aligned 
with the axis 321 of the transverse hole of the nail. The drill guide is held 
firmly in this orientation or gently taped to set it in the bone 100, a drill 
134 is inserted in the drill sleeve 133 and drilled through the nail hole 121. 
The drill 134 is removed and a screw 326 inserted to lock the nail with the 
bone. The computer is then programmed to proceed to the second hole 121' and 
the procedure repeated. The procedure is repeated until all the holes have 
been locked. 

In a further embodiment of the invention, as illustrated in Figure 8. 
receiver 107 is be embedded within a probe head 805, connected to probe 810. 
The electrical connection for receiver 107 would be contained within probe 810 
and connect to the signal processing unit 102 via wire 108. Correspondingly 
differently shaped probe heads 805 are required for different nail diameters 
or different profile (cross -sectional) shapes of the nail. Figure 8b, respec- 
tively, to ensure that dwing insertion of the probe head 805 that the probe 
head 805 does not rotate relative to the nail 120 such that the orthogonal 
axes 210 of the receiver 107 remains along the orthogonal axes of the nail 
120, 

The exact orientation of the receiver 107 at the distal end of the probe 
head 805 in the longitudinal direction of the nail 120 relative to the axis of 
the transverse hole 321 is obtained by the fact that the spacing of the trans- 
verse hole 121 from the proximal end 124 of the nail 120, with a realistically 
pronounced deformation and in consideration of the elastic deformability of 
the probe 810 in the shank thereof, is maintained with a sufficient degree of 
accuracy. For varying lengths of nails or for the various distal holes 121 or 
121' of the nail 120, a stop member 812 needs to be positioned to or fixed to 
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the proximal end 124 as well as on the probe shank 810 in correspondingly dif- 
ferent positions prior to inserting the probe head 805 into the nail 120. The 
probe shank 810 would have gradation markings corresponding to the distance 
from the proximal end of nail 120 to the hole axis 121 minus a specified set- 
back distance to place the probe head 805 and receiver 107 proximal to the 
hole 121 to ensure that the probe head 805 is not compromised during the drill- 
ing procedure. 

The DC signal output from receiver 107 goes to the signal processing 
electronics 102 via wire 108 which controls, conditions, and converts analog 
receiver signals into a digital format that can be read by computer 101. Com- 
puter 101, by way of an algorithm » computes the position and orientation of 
receiver 107 with respect to transmitter 104. the position and orientation of 
receiver 109. 

The position of the drill guide 131 relative to the transmitter 104 is 
likewise computed using the DC signal output from receiver 109 via connection 
110 the signal processing electronics 104 and displayed on the computer's 101 
display device. The distance and orientation of the axis of the guide 
receiver 109 relative to the axis 532 of the hole in the drill guide 131 will 
be equal to predetermined set back distance of the origin of the axis 210 of 
the probe head receiver 107 from the hole axis 121 or 121'. Therefore rela- 
tive position of the axis of the drill guide 532 with respect to the axis of 
the nail hole 121 can be visualized and aligned with the axis 321. Upon align- 
ment of the axes, a drill is passed through the bone 100 and nail hole 121 and 
withdrawn. A screw or locking bolt 326 is inserted in through the drilled 
hole and nail. 
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A£ter performing the above operations at the most distal hole 121, a 
second bolt 326' is placed into the corresponding hole (bore) 121' using the 
same procedure. 

After performing the above operations at the distal end, the proximal 
bolt 326" is to be placed into the corresponding hole (bore) 121", and this 
operation need not be described in greater detail here since, owing to the 
small distance to the proximal end of the spike, a conventional location and 
drilling device as described in the referenced patents may be used with a suf- 
ficient degree of precision for the locating of the proximal holes. 

It should be noted further that the apparatus is capable of operating 
effectively even if the probe head cannot be guided by the inner profile of 
the implant, such as, for example, in the case of nails having a circular 
cross-section. In such instance, auxiliary measures may be taken in order to 
align or orient the probe head relative to the transverse hole. For example, 
this may be effected with the aid of a holding device adapted to engage into 
the hole. Figure 9 shows a method by which the probe head 805 has finger exten- 
sions 905 and 905' with prongs 910 and 910' , respectively, and such prongs are 
able to engage the near edge of holes 121 and 122, respectively, thus provide 
a rotational and longitudinal position of the probe relative to the hole. The 
length of the probe extension in addition to the radius of the hole can be 
made equal to the distance from the axis of receiver 109 and the axis 521 of 
the drill guide bore 535. 
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Vhat is claimed is: 

1. A device for use in securing a first device to a second device, wherein 
the first device is inclosed within a member and is hidden from visual observa- 
tion, comprising: 

A. a first member, the first member haying at least one connector receiving 
means for receiving a connector, 

B. a guide member, 

C. a device for positioning and orienting of said guide member relative to 
said first member receiving means, said device having; 

(a) a direct current magnetic field transmitting member; 

(b) at least one magnetic field receiving means for receiving said trans- 
mitted direct current magnetic fields; 

(c) power means for supplying direct current electrical signals to said 
transmitting means for creating said transmitted direct current magnetic 
fields; 

(d) receiver electronics for measuring, and converting output signals 
from said magnetic field receiver electronics into position and orienta- 
tion measurements, 

(e) programmed computer, said programmed computer having a visual dis- 
play member, said output signals from said receiver electronic being con- 
verted into position and orientation measurements and visually displayed 
on said computer visual display member, 

said first member being fixed to one of said transmitting member and said 
receiving means. 

said guide member being fixed to one of said transmitting means and said 
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whereby the relative position and orientation of said first member relative to 
said guide member is determined. 

2. The device of claim 1, wherein said guide member is fixed to a receiving 
means. 

3. The device of claim 2, wherein said first device is fixed to a receiving 

means . 

4. The device of claim 3, where said device consists of a single transmit- 
ter and a plurality of receivers. 

5. The device of claim 1, wherein said first device is an implant for bone 
stabilization, 'and wherein said member is a bone, said implant having a 
proximal end and a distal end, and further comprising a support member, said 
support member being releasably secured to said proximal end of said implant, 
one of said transmitting means and said receiving means being fixed to said 
implant by being secured to said support member, said connector receiving 
means being positioned proximate the distal end of said implant. 

6. The device of claim 1, where in said transmitter for transmitting direct 
current magnetic fields comprises a core and a multiplicity of roughly or- 
thogonal antenna axis wire windings, and said receiving means for receiving 
said transmitted direct current magnetic fie-lds comprises a multiplicity of 
roughly orthogonal antentiae axes that are sensitive to transmitted direct cur- 
rent magnetic fields. 

7. A method of securing an implant into a bone comprising the steps of: 

A) inserting an implant into a bone, said implant having at least one con- 
nector receiving means for receiving a connector for securing said implant to 
said bone. 
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determining the position and orientation of said drill member relative to said 
connector receiving means, by 

(a) transmitting a direct current magnetic field from a transmitting mem- 
ber; 

(b) receiving said transmitted direct ctirrent magnetic fields, at at 
least one magnetic field receiving means, 

said implant being in a fixed position relative to one of said 
transmitting member and said receiving means, and 
said drill guide being' fixed to one of said transmitting means and 
said receiving means, 

(c) converting received direct current magnetic fields into position and 
orientation data in a programmed computer, and displaying said converted 
position and orientation data on said programmed computer visual display 
member , and 

C) guiding the position and orientation of said drill member by viewing a vir- 
tual representation of said connector receiving means and said drill guide mem 
ber on said computer visual display. 

8, The method of claim 7, said implant having a proximal end and a distal 
end, and further comprising the steps of 

supporting said proximal end of said implant by a support member releasably 
secured to said proximal end of said implant, said receiving means being sub- 
stantially offset from said implant proximal end, 

transmitting magnetic fields or receiving transmitted magnetic fields from a 
position proximate said support member and 

transmitting magnetic fields or receiving transmitted magnetic fields from a 
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wherein said step of converting received direct current magnetic fields into 
position and orientation data in a programmed computer includes the step of 
calculating an offset for the position difference between said position 
proximate said support member and said position of said connector receiving 
means . 

9. The method of claim 8, wherein magnetic fields are transmitted from a 
single location. 

10. The method of claim 9, wherein transmitted magnetic fields are received 
at said position proximate said support member and at said drill guide, and 
magnetic fields are transmitted from a third position. 

11. The method of calibrating the fixed offset distance and orientation of 
at least a first position relative to second position, where the second posi- 
tion is the location of a magnetic field transmitter or a magnetic field 
receiver, comprising the steps of: 

1- transmitting a predetermined magnetic field from a single position, 

2- positioning a movable guide element to a first position, said movable 
guide element having means for receiving or transmitting said predetermined 

magnetic field, 

3- receiving or transmitting said predetermined magnetic field at said 
first position, 

A- receiving or transmitting said predetermined magnetic field at a second 
position, 

5- computing the fixed distance and orientation offset between said first 
position and said second position, 

6- storing in a computer data memory, the computed data representing said 
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whereby said movable guide member can be reproducably moved from any position, 
to said first position, by means of magnetic fields transmitted or received at 
said second position and at said movable guide element. 

12. The method of claim 11, further comprising the steps of determining the 
fixed offset distance and orientation of a plurality of offset positions rela- 
tive to a single predetermined position, by repeating steps 1 to 6, for each 
of said plurality of offset positions. 

13. The device of claim 1, further comprising a mounting member, a receiving 
means fixed to said mounting means, said mounting member and receiving means 
being positioned within said first device, and a securing member, said secur- 
ing member locking said receiving means within said first device. 
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Figure 1 . 
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Figure 4. 
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Figure 3A. 




Figure 3B. 




Figure 3C. 
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Figure 5B. 
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Figure 6. 
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Figure 7. 
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Figure 9B 
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